
General:	The	interaction	between	moist	convection	and	TEWs	is	a	major	source	of	weather	and	climate	model	bias	
through	biases	in	latent	heating.	

Precipitation:	The	precipitation	maximum	(and	convective/stratiform	structure)	is	a	function	of	the	lifecycle	of	the	
wave	as	opposed	to	its	spatial	location.	The	maximum	moves	ahead	of	the	trough	as	the	wave	matures.	

Latent	Heating:	The	vertical	structure	will	become	more	“top-heavy”	as	the	low-level	curvature	vorticity	and	
precipitation	increase	for	maturing	TEWs	with	an	associated	increase	in	stratiform	rain	fraction.	

Spatial	Variability:	The	regional	differences	in	the	relationship	between	precipitation	and	wave	circulation	are	due	
to	inconsistencies	in	wave	sampling	methods,	rather	than	physical	differences	in	wave	activity	across	basins.	

Energy	Budget: To	simulate	TEWs	accurately	the	correct	phasing	and	structure	of	precipitation	in	TEWs	is	vital	to	
produce	the	correct	energy	budget	contributions	from	latent	heating.	

• TEWs	important	for	convection	and	precipitation
• They	occur	globally	but	are	studied	little	outside	the	Atlantic
• This	study	aims	to	understand	spatial,	temporal,	and	lifecycle	

variability	of	precipitation	and	heating	associated	with	TEWs

• TEWs	exist	in	GPM	IMERG	precipitation
• IMERG	spectra	shows	signal	in	TD	region	but	less	than	

TRMM
• Weaker	signal	than	expected
• Maxima	in	Atlantic,	E.	Pac.,	and	broad	peak	in	W.	Pac.
• Have	not	removed	tropical	cyclones

• Latent	heating	magnitude	is	significantly	less	in	TRMM/GPM	
observations	than	reanalysis
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Summary

Goals	and	Objectives
Use	satellite	data	to	understand	precipitation	and	heating	during	the	lifecycle	of	tropical	easterly	
waves	(TEWs)	to	improve	model	biases	in	the	representation	of	these	waves.	

Objective	1: Determine	and	analyze	the	amount	and	structure	of	convection	and	precipitation	over	the	lifecycle	of	
TEWs	across	the	tropics.

Objective	2: Examine	the	latent	heating	profiles	within	TEWs	and	their	relationship	with	TEW	intensity	and	
evolution.

Objective	3: Diagnose	variability	in	TEW	precipitation	processes	spatially	(region-to-region)	and	temporally	(year-
to-year).

Objective	4: Identify	and	understand	discrepancies	in	latent	heating	profiles	of	TEWs	in	MERRA-2	reanalysis	and	
the	NASA-GISS	climate	model.	

Hypotheses

Next	Steps

• Identify and track individual waves in MERRA-2 & IMERG
• TRACK (Hodges 1995)
• TEMPEST Extremes (Ullrich and Zarzycki, 2017)

• Track using curvature or relative vorticity and precipitation
• Remove tropical cyclones
• Co-locate precipitation and heating with wave tracks

• Regional variability
• Association of waves with wet or dry years
• TEW heating in GPM/TRMM and MERRA-2
• Objectively diagnose the lifecycle of TEWs using strength and

tendency to identify wave phase
• TEW heating as a function of total lifetime (i.e., short- vs. long-lived

waves), areal coverage and size (i.e., small vs. large), and intensity
(weak vs. strong waves).

• Energy budget analysis in MERRA-2 and NASA GISS ModelE in
relation to TEW heating

Tropical	Easterly	Waves	in	NASA	Precipitation	Data

Heating	Profiles
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analysis will be tested on currently available CMIP5 (Taylor et al. 2012) model simulations, which 
the PIs have extensive experience using. 
 
d. Methodology 
The plan to address our project goal is guided by the four research objectives described in Section 
2.2. Each of these objectives contains a series of tasks, which are detailed in Section 2.7 along with 
the timeline, personnel, and peer-reviewed publications associated with each activity. The 
objectives are not serial, but integrative and iterative, as outcomes for tasks will feedback and 
influence other tasks. This section describes the tasks and methods associated with each objective.  
 
Objective #1: Determine and analyze the amount and structure of convection and precipitation 
over the lifecycle of TEWs across the tropics. 
 
The dominant societal and ecological impact from most TEWs is via precipitation. For example, 
in Africa, TEWs are related to more than 40% of mesoscale convective systems, which contribute 
up to 90% of the annual Sahel rainfall (Le Barbé and Level 1997; Mathon et al. 2002; Fink and 
Reiner 2003, Fink et al. 2006). Figure 2 illustrates precipitation associated with TEWs from two 
years of GPM data, and clearly shows rainfall signals occur tropics wide. However, the 
contribution to the total rainfall from TEWs across the entire tropics is not currently known. 
 
The location of the convection relative to the circulation of TEW is important. If convection is 
located to the west of the trough center, then the potential vorticity generated will aid in wave 
propagation (e.g. Berry and Thorncroft 2005). If the convection is close to the center, it can amplify 
the wave through vortex stretching. As a consequence, it is important to understand precipitation 
with respect to wave location. 

 
Figure 2: Precipitation 
(2.5q-20qN, shaded) 
and TEW filtered (2-10 
days, 6-15 westward 
wavenumbers) 
precipitation (black 
contours) from GPM 
IMERG data for July 
and August 2016 (a) 
and 2017 (b). 
 
 
 
 
 

 

Janiga and Thorncroft (2013) compare African EWs in three different reanalyses and argue 
differences in structure and activity are caused by differences in rainfall and diabatic heating 
between the products. Mekonnen et al. (2006) show variations in the period of African EWs by 
longitude which also may be related to the role of convection and latent heating in the energetics. 
Studies (e.g. Kiladis et al. 2009 and references therein) of TEWs across Africa and in the Pacific 
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